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We have shown that murine contact photosensitivity (CPS) 
to 3,3',4' ,S-tetrachlorosalicylanilide (TCSA) is genetically 
controlled mainly by the major histocompatibility complex. 
I The H_2b•d haplotypes are closely associated with high re-
sponders, whereas mice with the H-2k are non-responders. 
Irrespective of their H-2 haplotypes, the CS7BL/10 (B 10) 
background strains, including B10, B10.D2, B10.A, and 
B10.BR, possessing black fur color, were low or non-
responders in CPS to TC~A. In B10 mice, however, ~igh-
• sensitivity responses were mduced when subcutaneous moc-
ulation of epidermal cells (ECs) photomodified in vitro with 
TCSA was used for both immunization and challenge, sug-
gesting that t~e ~picutaneous route for !nductior~ and eli~ita­
tion is defective m B10 background mice. FI mice obtamed 
by crossing high-responder BALB / c and low-responder B 1 0 
, contact photosensitivity (CPS) is a cutane~us allergic 
reaction induced and elicited by skin applicatIOn of a 
photosensitizing agent plus ultraviolet A (UVA) 
irradiation to the same skin site [1). CPS to 3,3' ,4' ,5-
tetrachlorosalicylanilide (TCSA) is successfully in-
duced in mice not only by epicutaneous sensitization [1,2) but also I by subcutaneous injection of photohapt~n-mo.dJfied spleen cells 
\ (SCs) or epidermal cells (ECs) [3,4). By uSl11g tillS mouse model for 
CPS, we have demonstrated that the sensitivity is a I?ighly. specific, 
delayed-type hYfersensitivity (DTH) reaction (5)111 :which both 
ositive [1,2,6,7 and suppressive [8 - 11) immunologic pathways ~xist as in ordinary contact sensitivity. 
CPS to TCSA is genetically controlled [4,12). The pattern of 
responsiveness it? the se~sitivity induced by .epicutaneo~s. i.mmuni-
zation is determl11ed mal11ly by the major IllStocom~atlblhty com-
lex (MHC) (12). The H-2k haplotype is closely aSSOCIated with low ~esponders, whereas mice with H_2b•d alleles are high responders. 
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mice, possessing agouti fur color, were non-responders of 
CPS. The magnitude of CPS in the F2 mice derived from FI 
(BALB/c X B10) siblings varied from low to high. When 
these F2 mice were divided into five groups with regard to fur 
color, the magnitude of reaction was correlated with the fur 
color and there was inverse relationship between the magni-
tude of CPS and the amount of melanin pigment in earlobe 
ECs. Furthermore, the il1 IJivo formation of TCSA-EC pho-
toadducts was negatively correlated to the melanin amount in 
earlobes. These observations suggested that the failure in 
CPS of the B10 background mice stems from inability of il1 
vivo ~hotocouplin? of TCSA to ECs, presumably due to ab-
sorptIOn of ultraVIOlet radiation by melanin pigment. Key 
words: contact photosensitivity /melanin/tetrachlorosalicy-
lanilide.] Invest DermatoI101:673-678, 1993 
Antigen-specific, afferent limb-acting suppressor T cells (Ts) that 
are preferentially activated by the sensitization procedure via I_Ek 
molecules are responsible for the low responsiveness of H-2k mice 
(12) . The pattern of responses in relation to the H-2 complex is the 
same in the subcutaneous immunization with TCSA-photomodi-
fied SCs (photoTCSA-SCs) and -ECs (photoTCSA-ECs) as in the 
epicutaneous sensitization. However, the immunoglobulin heavy 
chain gene complex (Igh) locus affects the CPS reaction induced by 
photoTCSA-SCs but not that induced by photoTCSA-ECs; the 
Igh-1 d allotype is associated with low responsiveness, whereas high 
responders possess Igh-l'·b [4). Thus, the Igh complex controls the 
sensitivity depending on the cell type used for sensitization. Despite 
the fact that H-2b and Igh-1 b are the hallmarks of high responders, 
we have found that C57BL/1D (B1D) background mice are low or 
non-responders of CPS to TCSA. In the present set of experiments, 
we focused on the mechanisms by which B1D background strains 
exerted low responsiveness in CPS to TCSA. 
MATERIALS AND METHODS 
Animals B10, B10.D2, B10.A, B10.BR, BALB/c, and A/ J mice were 
obtained from Shizuoka Experimental Animal Corporation (Hamamatsu, 
Japa.n). BALB.B and BALB.K mice wcre supplied by Dr. Kazuo Moriwaki, 
National Institute of Genetics, Mishima,Japan; these mice were bred in our 
laboratory from breeding pairs. B10, B10.D2, B10.A, and B10.BR are H-2-
congcnic strains. and thus differ only at the H-2 complex. BALB/c, 
BALB.B, and BALB.K are also H-2-congenic mice. Male mice, 8-10 weeks 
old, were used in all experiments. Each group consisted of more than four 
Jnice. 
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Table I. CPS Induced by Three Different Sensitization Procedures in Various Strains Including B10 Background Strains 
Ear Swelling ± SO (X 10- 3 em)' 
Sensitization 
Strain H-2 Igh- l Fur Color TCSA+UVA Photo TCSA-ECs Photo TCSA-SCs 
BALB/c d Albino 8.0 ± 1.61' 6.0 ± 1.61' 8.0 ± 1.22' (1.0 ± 0.35) (0 .8 ± 0 .25) (1.5 ± 0.44) 
BALB.B b a Albino 5.3 ± 0.81' 3.6 ± 0.74' 3.5 ± 0.35! 
(0 .8 ± 0.43) (0.6 ± 0.41) (0.6 ± 0.41) 
A/ J e Albino 4.8 ± 0.83! 4.1 ± 0.54' 4.3 ± 1.09' (1.3 ± 0.83) (0.7 ± 0.21) (1.0 ± 0.45) 
BI0 b b Black 2.6 ± 0.42' 2.4 ± 0.48J 2.4 ± 0.87' 
(1.7 ± 0.43) (1.7 ± 0.43) (1.7 ± 0.43) 
BI0.D2 d b Black 1.5 ± 0.77' 1.9 ± 0.43' 1.5 ± 0.54' 
(0.7 ± 0.60) (0.7 ± 0.60) (0.7 ± 0.60) 
BI0.A a b Black 2.5 ± 1.12' 1.5 ± 0.32' 2.2 ± 0.68' 
(1.5 ± 0.64) (1.5 ± 0.64) (1.5 ± 0.64) 
BI0.BR k b Black 0.9 ± 0.22' 0.7 ± 0.19' 1.3 ± 0.57' 
(0.6 ± 0.50) (0.6 ± 0.50) (0.6 ± 0.50) 
• Mice were sensitized with three different immunization procedures, i.e ., TCSA painting plus UV A irradiation on the clipped skin (days a and 1), subcutaneous injection of photo 
TCSA-ECs, and of photo TCSA-SCs (day 0) . Negative control mice were not sensitized. They were then photochallenged with TCSA plus UVA on the earlobes. 
b p < 0.001, 'p < 0.025, 'p < 0.05,' statistically not significant, compared with corresponding negative control. Parentheses indicate negative control. 
Epicutaneous Photosensitization to TCSA The sensitization proce-
dure was reported previously [1]. Briefly, mice were painted with 0.05 mlof 
1 % TCSA (Eastman Kodak Co., Rochester, NY) in acetone on the clipped 
abdomen. Within 30 min, the site was irradiated with three tubes of black 
light (FL20SBLB; Toshiba Electric Co., Tokyo, Japan) at a distance of 
20 cm for 1.5 h (12 J/cm2 at 365 nm). The painting plus irradiation was 
performed on two consecutive days, i.e., days 0 and 1. The light was passed 
through 3-mm - thick glass to ensure that no radiation below 320 nm 
reached the skin. The energy output under these conditions was 2.2 m W / 
cm2 at 365 nm and less than 0.01 mW /cm2 at 305 nm. 
Preparation of PhotoTCSA-SCs and PbotoTCSA-ECs Single-cell 
suspensions of SCs were prepared from naive mice by teasing spleens in 
RPMI-1640 (GIBCO, Grand Island, NY). Erythrocytes were lysed in 
0.83% ammonium chloride in Tris buffer (pH 7.6) . The cells were washed 
twice in phosphate-buffered saline (PBS; pH 7.4). Viability as assessed by the 
trypan blue dye exclusion test was more than 95%. For EC suspensions, ears 
obtained from normal mice were split along with the plane of cartilage. After 
incubation for 1 hat 37'C in a 0.2% solution of trypsin in PBS, epidermis 
was separated from dermis and ECs were dispersed in PBS supplemented 
with 10% fetal calf serum (GIBCO) by rubbing the separated epidermal 
sheets . The cells were filtered through a cotton column and washed twice in 
PBS. Viabiliry was more than 90%. 
The preparation procedure of photoTCSA-modified cells was described 
previously [3,4]. Briefly, equal,volumes of either SC or EC suspensions and 
of 0.20 - 0.24 mM TCSA in P}3S were mixed, placed in a plastic dish (3002; 
Becton-Dickinson, Oxnard, CAl, and irradiated with three tubes of black 
light at a distance of20 em for 30 min through a pane of3-mm-thick glass. 
Under this condition, irradiation corresponded to 3.6 J/cm2 of energy out-
put at 365 nm. Irrad iated cells were washed twice in PBS. 
Sensitization with Subcutaneous Injection ofPhotoTCSA-Modi6ed 
Cells Freshly prepared photoTCSA-SCs (5 X 107/0.2 mljmouse) or 
photoTCSA-ECs (107/0.2 ml/mouse) were injected subcutaneously bilat-
erally into two separate sites on the dorsal flank of mice. 
Cyclophosphamide (CY) Pretreatment Two days before epicu-
taneous TCSA-photosens itization, mice received an intraperitoneal injec-
tion of CY (Endoxan; Shionogi Pharmaceutical Co., Osaka, Japan) at a dose 
of 150 mg/kg. 
Epicutaneous Photochallenge to TCSA Mice were sensitized with 
epicutaneous TCSA painting plus UVA radiation (days 0 and 1) or subcuta-
neous injection of photoTCSA-modified cells (day 0). Before challenge, the 
basal line thickness of both ears of all mice was measured with a dial thick-
ness gauge (Peacock, Tokyo, Japan). On day 5, all mice were challenged on 
both sides of each earlobe with 0 .02 ml of 0.1 % TCSA in ethanol. Within 
30 min , mice received irradiation under three tubes of black light at a dis-
tance of20 cm for 2.5 h (20 J/cm2 at 365 nm). Ear thickness was measured 
24 h after irradiation and was expressed as the mean increment in thickness 
above the basal line control value. 
Subcutaneous Challenge with PhotoTCSA-modi6ed Cells Five 
days after epicutaneous or subcutaneous sensitization, 2 X 107 photoTCSA-
SCs or 4 X 106 photoTCSA-EC were injected in a volume of 0 .02 ml intra-
dermally into the left hind pad of mice. Footpad swelling was quantitated 
with a dial thickness gauge before and after 24-h challenge and was ex-
pressed as the mean increment in thickness. 
Melanin Measurement The value of melanin pigment ofECs was deter-
mined by the method described previously [13] . Briefly, EC suspensions 
were obtained by incubation of earlobes and abdomina l skin pieces with 
0.2% trypsin. The cells were pclleted and dissolved in 1 ml IN NaOH. 
Melanin concentration was determined by measurement of OD.7s in a spec-
trophotometer and comparison with the standard curve obtained using syn-
thetic melanin (Sigma Chemical Co., St. Louis, Missouri). 
Measurement of TCSA-EC Photoadducts Earlobes of naive mice 
were treated with the same procedure as the epicutaneous photochallenge to 
TCSA. After irradiation, mice were rinsed in 70% ethanol to remove nonco-
valcntly bound TCSA from the skin surface . EC suspensions were prepared 
from the earlobes and adjusted to 5 X 10· cells/2 ml of Hanks' balanced salt 
Table II. Effects of CY Pretreatment on the Development of CPS in BALB.K and B10 Background Strains 
Strain 
BALB.K 
BI0 
BI0.D2 
BI0.A 
H-2 
k 
b 
d 
a 
Igh-I Fur Color 
a Albino 
b Black 
b Black 
b Black 
Ear Swelling ± SO (X 10- 3 cm)' 
CY Pretreatment Positive Control Negative Control 
8.3 ± 2.00' 1.6 ± 0.65 0 .8 ± 0.33 
2.6 ± 0.84' 1.5 ± 0.54 0.7 ± 0.26 
1.0 ± 0.61' 0.7 ± 0.59 0.6 ± 0.31 
1.5 ± 0.42' 1.2 ± 0.47 0.8 ± 0.56 
• Two days before epicutaneous photosensitization, mice received CY (150 Illg/kg). Positive control mice were photosensitized cpicutaneously without CY pretreatment and 
negative control mice were not photosensitized. They were then photochallenged on their earlobes with TCSA plus UVA. 
• P < 0.01,' statistically not significant, compared with corresponding positive control. 
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Table Ill. Induction of CPS Using Different Sensitization and 
Elicitation Procedures in BID Mice 
Ear or footpad swelling 
Group Sensitization' Challenge' ± SO (X 1O-3cm) 
A TCSA+UVA TCSA+UVA LO ± 0.29 (epicutaneous) (earlobe) 
B PhotoTCSA-SC TCSA+UVA 0.8 ± 0.30' (subcutaneous) (earlobe) 
C PhotoTCSA-EC TCSA+UVA 1.3 ± 0.30' (subcutaneous) (earlobe) 
D None TCSA + UVA 0.9 ± 0.22 (earlobe) 
E TCSA+UVA PhotoTCSA-SC 7.5 ± 2.20' (epicutaneous) (footpad) 
F photoTCSA-SC PhotoTCSA-SC 17.3 ± 5.1 7' (subcutaneous) (footpad) 
G None PhotoTCSA-SC 3.5 ± 1.12 (footpad) 
H TCSA+UVA PhotoTCSA-EC 18.9 ± 6.91' (epicutaneous) (footpad) 
PhotoTCSA-EC PhotoTCSA-EC 27.8 ± 5A9J 
(subcutaneous) (footpad) 
] None PhotoTCSA-EC 3.8 ± 1048 (footpad) 
---: Mice received epicutaneous seIlSitization with TCSA plus UV A or subcutaneous 
. unization with photoTCSA-SCs or ·ECs. 
'In'";,ive days after sensitization, mice were elicited through epieutaneous (TCSA + 
UV A) or subcutaneous (photoTCSA.SCs or .ECs) route. . . 
, P < 0 .025, J P < 0.005,' statistically not significant, compared wIth correspondtng 
negative control (group D or G). 
I . n Cells were then subjected to sequential treatments with sonication so UtlO . J . ·c d 10000 d Iternate freezing and thawmg. The lysate was centfl[uge at , Xg ~n t h and the supernatant was collected. The absorptions of TCSA-EC 
p°h"otoadducts were monitored from 280 to 400 nm in a spectrophotometer. 
Statistical Analyses Student t test was employed co determine statistical 
differences between means. 
RESULTS 
R ctivity in CPS Induced by Epicutaneous Photosensitiza-ti;: and Subcutaneous Injection of PhotoTCSA~Modified 
Cells in Bl0 Background Mice Various stra1I1S of mIce, 1I1clud-
ing B 1 0 backgroudndbstraiI~s, were tested for.CPS responsebs to TCSA 
h t were induce y eplCutaneous sensItIzatIOn or su cutaneous t a . d· I 
. munization with photoTCSA-SC or -Ee. PreVIOUS stu Ies 1ave 
dim onstrated that the H_2b,d haplotypes are closely associated with em I I ··1 high responders [4,12] . In addition to these 1ap otypes, mice ~It 1 
H_22, as observed in the Aj] strain, were sho~n to ~e 1I1termedlate 
or high responders for CPS in these three 111ductton procedures 
(Tab le I). All H-2-congel1lc stra1I1S of the BID background tested 
xhibited low or no response for CPS. As shown in the responses of ~10.D2 and BI0.A, the H_2d,2 haplotypes did not introduce. high or 
intermediate responsiveness into BID background mIc.e. ~hIs domI-
nance of unresponsiveness in the BID background 111dIcates that 
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factors other than the MHC have an additional but profound effect 
on the CPS responses. 
Effect of CY Pretreatment on CPS Responses Induced by 
Epicutaneous Sensitization In CPS to TCSA, the low respon-
siveness of H-2k mice is associated with the generation of antigen-
specific Ts and converted to high levels by CY treatment before 
photosensitization [12]. To address the mechanism of unrespon-
siveness in B10 background mice, we first examined the effect of 
CY pretreatment on CPS responses in BID background mice. The 
CPS responses ofBALB.K, which possesses the low responder hap-
lotype H_2k, were significantl y augmented by CY pretreatment 
(Table II) . On the other hand, no significant difference was noted 
between CY -pretreated and untreated groups in BID, B 1 O.A, 
B 1 0.02, and B 1 O.BR. Therefore, the low responsiveness in the B 1 0 
background mice did not seem to be associated with the generation 
ofTs. 
Successful Induction and Elicitation of CPS by Subcu-
taneous Injection of PhotoTCSA-Modified Cells in Bl0 
Mice B10 mice were sensitized either by the epicutaneous proce-
dure or. by the subcutaneous injection of photoTCSA-modified 
cells. MIce were then challenged either epicutaneously with TCSA 
plus UVA on earlobes or subcutaneously with injection of pho-
t?T~SA-modified cells into food pad. As shown in Table III, no 
sigruficant response was observed in mice that were challenged on 
earlobes irrespective of the sensitization method (groups A- C). On 
the other hand, significant sensitivity responses were observed 
when subcutaneous inoculation of photoTCSA-SCs or -ECs was 
used f?r chall~nge .(groups E, F, H, and I) . These responses were 
more .1I1tense 111 .mice sensitized with photoTCSA-modified cells 
than 111 those eplcutaneously sensitized (groups F versus E and I 
:rersus H) .. Thus, the results indicated that the epicutaneous route is 
mapproprlate for sensitizing and eliciting CPS in BlO mice. 
Relationship Between Fur Color and the CPS Responses 
B10 (H-2b, Igh-1b), BALBjc (H_2d, Igh-P), and BALB.B (H_2b, 
Igh-12) mice have high responder H-2 haplotypes and Igh allotypes 
[4,12]. As shown in Table IV, the F, hybrids derived from crossing 
BALBjc and BID and from BALB.B and B10 were non-responders 
for CPS to TCSA induced by epicutaneous or subcutaneous sensiti-
zation. Thus, the unresponsiveness of B10 mice caused by factors 
other than H-2 and Igh appeared to be dominantly inherited. Both 
F, hybrids were agouti in color. The F2 progeny from Fl(BALBj 
c X B10) sib lings were tested in their abi lity to evoke the CPS 
responses. In 23 F2 (F, X F,) mice tested, th e magnitude of CPS 
varied from low to high. The F2 mice were able to be divided into 
five groups in fur color, including albino , cinnamon, agouti , choco-
late, and black (Fig 1). Figure 2 shows the CPS responses in each of 
these five groups. The mean value of albino F2 mice exhibited the 
highest CPS response, whereas the responses of mice with agouti, 
chocolat~, and black fur were significantly lower than those of the 
albmo mIce. In F2 progeny derived from F,(BALB.B X B10) sib-
Table IV. CPS in F, Mice Obtained by Crossing B10 and BALBjc and by Crossing BI0 and BALB.B 
Strain 
F,(BALB/c X Bl0) 
F,(BALB/B X BtO) 
H-2 
d/b 
bib 
Fur Color 
Agouti 
Agouti 
TCSA + UVA 
1.3 ± 0.7S b 
(0.5 ± 0.35) 
1.6 ± 0.66' 
(1.1 ± 0.31) 
Ear Swelling ± SO (X 1O -3cm),·J 
PhotoTCSA-ECs 
2.7 ± 0.47' 
(004 ± 0041) 
NT' 
• F mice were sensitized with cpicutaneous immunization (days 0 and 1) and control mice were not sensitized . They were tbell challenged on day 5. 
, S~tistically not significant, • p < 0.05, compared with corresponding negative control. 
• P acentheses indicate negative control. 
' NT, not tested. 
photoTCSA-SCs 
1.2 ± 0.t4b 
(004 ± OAt) 
NT 
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Figure 1. Five color types of Fz mice de-
rived from crossing F, (BALB/c X BI0) 
siblings, including wlLite, cinnamon, 
agouti, chocolate, and black (from left to 
rig!.t). 
lings, there was also a significant difference in the responsiveness 
between the albino- and agouti-colored groups (Fig 2). Thus, these 
resul ts indicated that factors linked to the fur color affected the CPS 
reposes. 
Melanin Atnount in ECs of Earlobes and Abdomen The 
amount of epidermal melanin in BALB/c, B10, and F, mice was 
quantified. As shown in Table V, the melanin concentration in 
low-responder B10 and F, mice was much higher than that of 
high-responder BALB/c. To further clarify the effect of melanin on 
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Figure 2. CPS responses in Fz mice epicutaneously sensitized. Five color 
types ofFz mice were sensitized (days 0 and 1) and challenged (day 5) with 
TCSA plus UVA. ' p < 0.01, "p < 0.05, "'p < 0.005, compared with 
albino mice. 
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CPS, the amount of epidermal melanin in the five groups ofF2 mice 
was quantified and its relationship to the CPS magnitude was exam-
ined. As shown in Fig 3, the degree of CPS was inversely correlated 
to the concentration of melanin obtained from ECs of earlobes 
(correlation coefficiency -1.0), but not from ECs of abdomen 
(correlation coefficiency -0.5) . Thus, it seemed that the challenge 
phase is more profoundly affected by epidermal melanin pigment 
than the sensitization phase. 
Atnount ofTCSA-EC Photoadducts in Fz Mice TCSA is co-
valently couI?led to various proteins [14,15] and cell membrane and 
cytoplasm [3 J by UV A irradiation. The effect of epidermal melanin 
on the formation of TCSA-EC photoadducts was elucidated using 
the five groups of F2 mice. EC extracts were prepared from the 
earlobes of mice that were treated with TCSA plus UVA. The 
amount ofTCSA photoadducts formed in ECs was monitored with 
the use of absorption of TCSA at 250 to 400 nm. TCSA has two 
absorption peaks at 280 and 357 nm [14] . By exposure to increasing 
doses ofUVA, the 357-nm peak is changed to shorter wavelengths, 
then decreases and ultimately becomes a long tail [14]. Moreover, 
when TCSA is covalently coupled to protein, the absorption of 
TCSA is further shifted to shorter wavelengths (data not shown). 
Thus, the absorption peak of TCSA in TCSA-EC photoadducts 
employed in this study was 268 nm. Figure 4 shows the data for 
TCSA-EC photoadduct formation in the five-grouped mice, which 
Table V. Melanin Amount in Epidermal Cells 
Strain 
BALB/c 
B10 
F, (BALB/c X BI0) 
Fur color 
Albino 
Black 
Agouti 
Melanin Concentration 
(X 10- 7 Jig/cell)' 
Earlobe 
4.1 
18.3 
19.3 
Abdomen 
3.3 
20.4 
20.5 
• Ee suspensions were prepared from earlobes and abdominal skin. After counting 
the number of cells, cells were subjected to 1 N NaOH. 
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F. e 3. Correlation of CPS magnitude and melanin amount in F2 mice. 
I 1~e fur_color-grouped F2 mice. the amount of epidermal melanin was 
;easured and plotted in relation to their mean CPS magnitude shown 111 
Fig 2. 
were obtained by subtracting the absorption values of EC extracts 
epared from untreated control earlobes. A large amount ofTCSA 
P~otoadducts was formed in the albino mice. whereas less photo~d­
~uct formation was noted in the agouti. chocolate, and black Inlce; 
h cinnamon mice showed an intermediate value. Thus, the results 
~ndicated that there was a good inverse correlation between t~e 
amount of melanin and the formation ofTCSA-EC photoadducts 111 
( the Fz mice. 
DISCUSSION 
In previous publications [4,1 2], we have demonstrated that CPS to 
TCSA is controlled by both the H-2 and Igh complexe~. The H-2 
plays a major role in determining the pattern of responsiveness and 
the Igh regulates the CPS response induced by photo~CSA-modl­
lied cells depending on the cell type used for senslttzatlon. The 
present study showed that irrespective of the H-2 and Igh, B10 
background mice are low or non-responders in CPS to TCSA. Be-
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cause the B10 background mice show substantial sensitivity re-
sponses to ordinary haptens such as picryl chloride and oxazolone 
[1 6,17], CPS to TCSA represents the unique DTH reactivity ofBlO 
background mice. 
Absence of enhancement of the response by CY pretreatment 
suggests that Ts play no crucial role in the unresponsiveness of the 
BlO background strains. High-sensitivity responses were induced 
when subcutaneous inoculation of photoTCSA-modilied cells was 
used instead of the epicutaneous route for both sensitization and 
challenge. Photohapten-modilied cells with enough immunoge-
nicity were prepared even in B10 mice by the ill vitro UVA irradia-
tion of cells suspended in TCSA solution. Accordingly, it was sug-
gested that the failure in the B 10 background strams lies in the 
inability of ill villa photocoupling ofTCSA to ECs rather than being 
a functional.defect in the antigen presentation and T-cell repertoire. 
In the F2 mice denved from Fl siblings between B10 and high-re-
sponders strains, the CPS response varied from low to high and was 
correlated significantly with fur color, suggesting that the CPS 
response is influenced by fur/skin color of mice. This fur/skin color 
dependency of CPS in the F2 mice was also observed in CPS to an 
alternative photosensitizer, chlorpromazine (data not shown). 
There was an inverse correlation between the CPS magnitude 
and the melanin amount of ECs in F2 mice. This correlation was 
more remarkable in ECs of earlobes than in those of abdominal skin. 
Furthermore, in these F2 mice, the in vivo formation of TCSA-EC 
photoadducts was greater in the albino than agouti, chocolate, and 
black mice. Thus, it is likely that the in vivo photoconjugation of 
!C~A with ECs is inhibited mainly by melanin pigment. Such 
tnhlbltory actIOn of melanin presumably does not occur in the ill 
vitro photoconjugation of single-cell suspensions of ECs with 
TCSA. Melal:ocytes of C57BL mice donate more melanin to epi-
dermal kerattnocytes than those of DBL mice with somewhat 
lighter ~lack color [18]. Melanin is one of the major chromophores, 
ac~0~nt111~ for .most ~f the optimal ultraviolet light absorption 
wltlun epidermiS and ItS synthesis and transport is influenced by 
many genetic loci in mice [19]. In addition, melanin has an ability to 
scavenge superoxide anion [20]. This action of melanin also may 
inhibit the contact photosensitization and photoelicitation pro-
cesses of CPS to TCSA, because oxygen intermediates play an im-
portant role in the mechanisms of CPS sensitization [2]. The TCSA 
photohaptenization in ECs has been regarded as an initial step to 
evoke and elicit CPS [21]. Abrogation of such photoconjugation 
may result in the fai lure m epicutaneous sensitization and challenge 
of B 10 background mice. 
As the availability of ultraviolet light energy by ECs undergoing 
photoconjugation is one of the important elements to determine the 
CPS r~sponse, fur/sk!n color, which reflects mainly the amount of 
~elamn, profoun~ly 111fluences murine CPS. In this respect, CPS is 
different fro~ ordmary contact sensitivity and its genetic control is 
more comphcated than that of contact sensitivity. In humans, much 
less UV passes through the epidermis and stratum corneum ofNe-
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Figure 4. Absorption spectra ofTCSA in TCSA-
EC photoadducts formed in five color types of F2 
mice. EC suspensions were prepared from earlobes 
treated with TCSA plus UVA. Cell-free extracts 
from these suspensions were monitored in a spec-
trophotometer. The data were expressed by sub-
tracting the absorbance of extracts from the same 
number of ECs obtained from untreated mice. 
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groid skin than through that of Caucasoid skin [22]. Our study 
provides some insights into the photo-protection afforded by pig-
ment in human photosensitivity disorders. 
We tha"k Ms. Keiko Sugaya for the technical assista"ee. 
Tit is work was supported i" part by the Cosllletology Research FOlmdatio", Tokyo, 
Japa" (MT). 
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